Differences in rates of diabetes-related lower extremity amputations represent one of the largest and most persistent health disparities found for African Americans and Hispanics compared with Whites in the United States. Since many minority patients receive care in underresourced settings, quality improvement (QI) initiatives in these settings may offer a targeted approach to improve diabetes outcomes in these patient populations. Health information technology (health IT) is widely viewed as an essential component of health care QI and may be useful in decreasing diabetes disparities in underresourced settings. This article reviews the effectiveness of health care interventions using health IT to improve diabetes process of care and intermediate diabetes outcomes in African American and Hispanic patients. Health IT Medical Care Research and Review Supplement to 67(5) interventions have addressed patient, provider, and system challenges in the provision of diabetes care but require further testing in minority patient populations to evaluate their effectiveness in improving diabetes outcomes and reducing diabetes-related complications.
found that Hispanics were 2.9 times as likely as whites to be hospitalized for LEA from diabetes. According to the AHRQ, the difference in rates of LEA hospitalizations for African Americans and Hispanics compared with Whites is one of the largest disparities seen in health care quality for these groups and is worsening.
Quality improvement (QI) initiatives have shown promise in improving diabetes quality of care and may be critical in decreasing diabetes disparities (Peek, Cargill, & Huang, 2007) . QI initiatives that address salient intermediate outcomes in diabetessuch as control of glycosylated hemoglobin (HbA1c), blood pressure, and lipids and improved processes of care, such as foot examinations and medication intensificationmay be central to decreasing disparities in LEA (Schade & Hannah, 2007; Selvin, Wattanakit, Steffes, Coresh, & Sharrett, 2006) . QI initiatives in all health care settings provide an opportunity to address disparities in diabetes care and quality, but QI initiatives in underresourced settings may present a particularly promising opportunity, since many minority patients receive care in rural health centers, county hospitals, or safety net clinics (Bach, Pham, Schrag, Tate, & Hargraves, 2004; Jha, Orav, Li, & Epstein, 2007; Jha, Orav, Zheng, & Epstein, 2008) . Physicians in these settings often face resource constraints and report greater difficulties in obtaining access for their patients to subspecialists, high-quality diagnostic imaging, and nonemergency admissions to the hospital (Bach et al., 2004; Jha et al., 2007; Jha et al., 2008) . Finding innovative ways to improve diabetes processes of care and intermediate outcomes in underresourced settings may be a powerful way to address disparities in diabetes complications (Bach et al., 2004) .
Health information technology (health IT) is widely viewed as an essential component of health care quality improvement. QI interventions using health IT have been found to improve adherence to guideline-based care, enhance surveillance and monitoring, decrease medication errors, and decrease utilization of care (Chaudhry et al., 2006) . Many health IT interventions, such as electronic medical records (EMRs), computerized prompts, population management (including reports and feedback), specialized decision support, electronic scheduling, and personal health records have been shown to improve diabetes processes of care and intermediate outcomes. (Dorr et al., 2007) . Implementation of health IT has become a national priority, but adoption still remains low (American Recovery and Reinvestment Act, 2009; DesRoches et al., 2008; Foxhall, 2009 ). Community health centers and small private practices lag in implementing health IT because of barriers prevalent in these settings (Jha, DesRoches, & Campbell, 2009; Shields et al., 2007) . Encouraging health IT adoption as a part of QI initiatives to improve diabetes care in underresourced settings may provide a special opportunity to reduce diabetes disparities.
New Contribution
To our knowledge, no systematic literature review has examined the use of health IT in QI initiatives to reduce diabetes health disparities. Additionally, few studies examine the use of health IT in underresourced settings. We systemically review health IT interventions to examine their impact on diabetes outcomes in African American and Hispanic patient populations. Our review focuses on intermediate diabetes outcomes and processes of care, which are on the causal pathway to LEAs. For this study, we review health care interventions that target diabetes disparities in African American and Hispanic patients and discuss the use of health IT for enhancing these QI efforts. We aim to (a) update from 2006 to 2009 a previous systematic review of QI initiatives to improve diabetes outcomes in minority patients, (b) systematically review QI interventions that utilized health IT to improve diabetes disparities from 2000 to 2009, and (c) give recommendations on the use of health IT to reduce diabetes disparities. Berwick's (2002) model summarizes the lessons from the Institute of Medicine's "Crossing the Quality Chasm" report. Using this model, we can organize QI initiatives from Level A to Level D and comment on QI strategies that target the patient experience (A), microsystems (B), organizations that house these microsystems (C), and policy or regulatory factors (D) . We used Berwick's model to classify the types of QI initiatives previously reviewed in decreasing diabetes disparities (Peek et al., 2007) . Peek et al. (2007) published a systematic review of QI interventions in health care settings that aimed to reduce diabetes disparities in minority populations. The authors categorized interventions into those that focused on patients, providers, and health care systems. Among patient-oriented QI initiatives, those that used interpersonal relationships and social networks and were culturally tailored had the most success in improving diabetes outcomes. Provider QI initiatives that incorporated in-person feedback were also successful. Organizational changes-such as the use of case management, community health workers, and nonphysician providers-were effective at improved rates of making and keeping appointments; overcoming social, cultural, and linguistic barriers; and providing clinical care through treatment algorithms. The use of medical assistance programs increased prescription adherence and decreased hospitalizations. Disease management systems-such as patient registries, practice guidelines, case management, and tracking and monitoring of patients-improved diabetes processes and outcomes.
Conceptual Framework
Similar to the goal of the Peek et al. (2007) study, we aimed to identify efforts to reduce diabetes disparities in Hispanic and African American populations in underresourced settings. In our study, underresourced settings included federally qualified health centers, rural clinics, public hospitals, and public clinics. We begin by using the Berwick (2002) model to describe the challenges these settings face in reducing diabetes disparities and to identify promising points of intervention for health IT use at the patient, provider, and system levels. The health IT applications described here were not necessarily applied in underresourced settings; however, they are meant to serve as examples of what may be possible.
Patient-Centered Challenges
Studies with African American and Latino patients with diabetes have demonstrated that medication adherence, health care cost, and lack of health insurance serve as barriers to receiving effective diabetes care (Reichsman, Warner, & Cella, 2009; Rosal, Benjamin, & Pekow, 2008) . Some patients also have poor access to diabetes education in underresourced settings, in particular information that is culturally tailored, in their language, and easy to comprehend (Reichsman et al., 2009) . Poor communication, language barriers, lack of trust in the health care system, and lack of provider cultural competence each adversely affect patient satisfaction (Reichsman et al., 2009; Rosal et al., 2008) . Patient-directed interventions, therefore, can help address these challenges by improving diabetes knowledge, encouraging provider communication, strengthening social support from peers, and providing access to care.
Health IT may improve diabetes care through patient directed interventions. Patient satisfaction, self-management, self-empowerment, and diabetes knowledge have been enhanced by patient-focused health IT applications, such as online, interactive personal health records, secure messaging with physicians, and video visits (Halamka, Mandl, & Tang, 2008; Katz, Nissan, & Moyer, 2004; Wakefield et al., 2008) . Patients can schedule their appointments online while receiving social support and reminders from peers on a diabetes website (Eysenbach, 2008) . Patient communication may be enhanced through secure messaging with physicians while simultaneously decreasing the cost of frequent visits for patients and providers. Patient-directed interventions also could be designed to specifically target those with low health literacy or English as a second language. Trust in the health care system also may be improved using an interactive personal health record that promotes transparency and secure messaging with providers.
Provider-Centered Challenges
Clinicians in safety net clinics note many financial, cultural, and psychosocial factors that affect the quality of diabetes care (Reichsman et al., 2009) . Providers report inadequate time to counsel patients on lifestyle modifications, limited resources for dietary and physical activity counseling, limited documentation of diabetes-related risk factors, limited availability of medical records, and inconsistent delivery of diabetes prevention strategies (such as dietary or weight loss counseling and pharmacological interventions) to patients in underresourced settings (Rosal et al., 2008) . Diabetes care may be enhanced through health IT applications that address these provider related challenges.
Safety net providers using health IT have reported benefit from increased efficiency in providing care through the use of EMRs (Kim, Chen, Keith, Yee, & Krushei, 2009) . EMRs can also be used for clinical documentation, data storage and tracking, and results management (Davis, Doty, Shea, & Stremikis, 2009 ). Computerized order entry, standardized histories, and clinical decision support can increase appropriate medication prescribing and reduce adverse drug interactions, and they have the potential to provide better adherence to prescribing guidelines (Davis et al., 2009) .
System-Centered Challenges
Organizational-and policy-level challenges specific to underresourced health care settings also exist. These challenges include longs waits for appointments, poor access to subspecialists, difficulty in the formation of multidisciplinary teams, and lack of access to funding for infrastructure upgrades. Other policy-level and regulatory barriers to QI implementation include lack of reimbursement for nonvisit care and coordination, drug costs, and lack of the presence and/or accessibility to community health workers and community outreach programs.
Health IT applications can address systems-based challenges to improve diabetes quality of care. Health care systems can track disparities through health information exchanges (HIEs), regional health information systems, and disease registries. Telemedicine and video visits may improve the timeliness of care and decrease long waits for appointments in underresourced settings. Improved communication through secure messaging or social networking sites can facilitate formation of multidisciplinary teams. Text messaging systems that provide messaging among clinics, patients, and outreach workers may enhance the presence and accessibility of community health care workers in community-level interventions. To update this review, we searched for diabetes QI intervention articles published from January 2006 to March 2009 using the following electronic databases: Cochrane, CINAHL, ACP Journal Club, Psychinfo, and Medline. We used prespecified Medical Subject Headings (MeSH) and keywords to identify evaluation studies (evaluation studies, clinical trials; effectiveness; improvement; performance) designed to address health care delivery (delivery of health care, integrated; quality of health care; health services accessibility) among African Americans and Hispanics (African Americans; Hispanic Americans; Mexican Americans; Latinos) and among adults and children with diabetes (diabetes mellitus, type 2; diabetes mellitus, type 1; diabetes complications; peripheral vascular disease). We also used reference lists from recently published QI intervention articles and major review articles. We supplemented our electronic search with a hand search of issues from selected journals with a high likelihood of publishing diabetes QI studies (Diabetes Care, The Diabetes Educator, Journal of General Internal Medicine, and Medical Care) published within the preceding 2 years.
Method

Systematic Quality Improvement Intervention Search
Studies were required to include at least a 50% minority sample population, be based in the United States, and focus on improving diabetes treatment processes and outcomes. We defined "minority" as African American or Hispanic American/Latino. We excluded studies that focused on diabetes prevention and gestational diabetes. We included all study types in our review (e.g., randomized controlled trials, pre-post, pilot, cross-sectional). We included QI interventions whether they used health IT or not.
From the Cochrane, CINAHL, ACP Journal Club, and Psychinfo databases we found 63 articles, but none met our inclusion criteria. Our Medline search returned 43 articles, and we retained one after application of inclusion/exclusion criteria. From our hand search, we found 18 articles that met exclusion/inclusion criteria.
Systematic Health Information Technology Search
While some of the articles from Peek et al. (2007) and our update search contained aspects of health IT, we conducted a supplementary health IT electronic database search from 2000 to 2009. For our systematic search of QI interventions that used health IT, we added keyword and MeSH terms for health IT (biomedical technology; medical informatics applications; data collection) and removed all other search terms except those referring to diabetes and peripheral vascular disease (diabetes mellitus, type 2; diabetes mellitus, type 1; diabetes complications; peripheral vascular disease) using the Medline database only and restricted the search to articles published between January 2000 and March 2009. This search yielded 286 articles, and after applying our inclusion/exclusion criteria, we kept none. In addition, a hand search of issues of selected journals with a high likelihood of publishing health IT interventions (e.g., HealthCare Informatics and the Journal of the American Medical Informatics Association) published within the previous 2 years was conducted. References from health IT review articles, including Peek et al.'s (2007) review, were investigated for eligibility for our review. Our hand search resulted in 31 articles; 10 met our inclusion/exclusion criteria.
The QI update from 2006 to 2009 yielded 18 articles. The expanded health IT QI search from 2000 to 2009, yielded 10 articles, with one overlapping article with the QI update (Shea et al., 2009 ). Since the overlapping article reported on the use of health IT in a diabetes QI intervention, we report that study's findings in the health IT results section.
Data Abstraction
We used a validated instrument to guide our abstraction (Zaza et al., 2000) . We abstracted data from each study into a table that included the objective of the improvement strategy, the population sampled, the setting, a description of the form of health IT used, and the findings. We documented baseline and follow-up rates of diabetes processes of care (proportion of patients receiving HbA1c testing, lipid testing, blood pressure measurement, foot examination, and eye examination), health outcomes (HbA1c, total cholesterol, low-density lipoprotein [LDL] cholesterol, high-density lipoprotein [HDL] cholesterol, triglycerides, systolic blood pressure, and diastolic blood pressure), and diabetes complication rates (blindness, rates of myocardial infarctions, kidney failure, peripheral vascular disease, and lower extremity amputation hospitalizations) when noted in the article. In addition, each study in the table was given a quality score by two members of the research team using an adapted questionnaire based on the Downs and Black (1998) guidelines (27-point scale: 0, worst; 27, best) . We report the average of the two quality scores.
Results
We report the findings from our review in two sections: (a) QI systematic review and (b) health IT systematic review. The QI review describes the 18 articles we found in our search for diabetes QI interventions from 2006 to 2009. We present an update on QI initiatives targeted at improving diabetes processes of care and outcomes in minority patient populations and highlight new findings and changes from Peek et al. (2007) . The health IT review reports the findings from the 10 articles that used health IT in their diabetes QI interventions from 2000 to 2009.
Quality Improvement Systematic Review
A total of 18 articles used QI initiatives to improve diabetes processes of care and outcomes among African American and Hispanic patient populations, not including health IT-oriented initiatives (Babamoto et al., 2009; Cramer, Sibley, Bartlett, Kahn, & Loffredo, 2007; Davidson, Ansari, & Karlan, 2007; Gold et al., 2008; Ingram et al., 2007; Joshu, Rangel, Garcia, Brownson, & O'Toole, 2007; King et al., 2006; Liebman, Heffernan, & Sarvela, 2007; Lujan, Ostwald, & Ortiz, 2007; Mahotiere, Ocepek-Welikson, Daley, & Byssainthe, 2006; Mauldon, Melkus, & Cagganello 2006; C. D. Miller et al., 2006; Sixta & Ostwald, 2008; Steinhardt, Mamerow, Brown, & Jolly, 2009; Thom, Tirado, Woon, & McBride, 2006; Thompson, Horton, & Flores, 2007; Utz et al., 2008; Wagner, Pizzimenti, Daniel, Pandya, & Hardigan, 2008) . Table 1 summarizes QI interventions from Peek et al. (2007) and from the 2006-2009 update that have demonstrated improvements in a range of diabetes processes of care and clinical outcomes.
Patient oriented. Of the 18 articles, 6 reported interventions that were patient oriented ( Cramer et al., 2007; Liebman et al., 2007; Mauldon et al., 2006; Steinhardt et al., 2009; Utz et al., 2008; Wagner et al., 2008) . Of these, five were culturally tailored for their specific population (Cramer et al., 2007; Liebman et al., 2007; Mauldon et al., 2006; Steinhardt et al., 2009; Utz et al., 2008) . Studies emphasizing cognitive-behavioral education and self-care management and those that adapted the Diabetes Prevention Program demonstrated improvements in diabetes metabolic outcomes (Cramer et al., 2007; Mauldon et al., 2006) . Interventions based on enhancing patient resilience improved a range of patient outcomes (Steinhardt et al., 2009) . Provider oriented. We found two new studies that tested provider-directed interventions (C. D. Miller et al., 2006; Thom et al., 2006) . Thom et al.' s study tested provider cultural competency training but failed to show any statistically significant clinical improvements in diabetes outcomes. When treatment algorithms factoring in HbA1c and random blood sugar were available at the time of patients' visits, providers were more likely to intensify medical therapy and lower patient HbA1c levels (C. D. Miller et al., 2006) .
System oriented. We found nine studies that focused on health system interventions for improving diabetes care for minorities (Babamoto et al., 2009; Davidson et al., 2007; Gold et al., 2008; Ingram et al., 2007; Joshu et al., 2007; King et al., 2006; Lujan et al., 2007; Sixta & Ostwald, 2008; Thompson et al., 2007) . Confirming Peek et al.'s (2007) work, we also found that the use of community health workers and promotoras facilitated improvements in diabetes intermediate outcomes, processes of care, knowledge, and social support (Babamoto et al., 2009; Ingram et al., 2007; Joshu et al., 2007; Lujan et al., 2007; Sixta & Ostwald, 2008; Thompson et al., 2007) . Our update also provided evidence that promotoras can successfully reach out to patients with diabetes on the fringes of the traditional health care system (Ingram et al., 2007) . All six community health worker studies were conducted in majority Mexican American populations. The use of nonphysician providers reduced diabetes-related urgent visits and emergency room visits (Davidson et al., 2007) . The use of a centralized diabetes specialist in guiding off-site primary treatment of diabetes demonstrated trends in improvements in HbA1c, lipids, and blood pressure that were not statistically significant (King et al., 2006) . Interventions using multidisciplinary teams improved patients' HbA1c levels (Gold et al., 2008) .
Multitarget interventions. We found one study that used a multitarget approach for reducing the disparity in the rate of biennial lipid profiles between African Americans and White Medicare beneficiaries with diabetes in New York City (Mahotiere et al., 2006) .
Health Information Technology Systematic Review
We identified 8 studies with 10 articles that used health IT to address diabetes quality improvement in minority populations (Bray, Roupe et al., 2005; Bray, Thompson, Wynn, Cummings, & Whetstone, 2005; Cherry, Moffatt, Rodriguez, & Dryden, 2002; Chin et al., 2004; Gerber et al., 2005; Levetan, Dawn, Robbins, & Ratner, 2002; Phillips et al., 2005; Shea et al., 2006; Shea et al., 2009; Ziemer et al., 2006) . Table 2 describes these studies in detail.
Patient oriented. We identified two studies that utilized health IT in patient-oriented QI initiatives (Gerber et al., 2005; Levetan et al., 2002) .
The Levetan et al. (2002) study evaluated the impact of computer-generated personalized goals on HbA1c among a majority African American patient population and had a quality score of 17. This randomized controlled trial found that those who (text continues on p. 182S) received the personalized goal report who had a baseline HbA1c ≥7.0% had an absolute reduction of 1.69% in HbA1c versus 0.77% in HbA1c among control subjects at 6 months' follow-up (p = .03). The Gerber et al. (2005) randomized controlled trial evaluated a clinic-based multimedia intervention using computer kiosks for diabetes education targeting individuals with low health literacy in five inner city, publicly run health centers with a mix of Latino and African American patients (quality score 20). This study found no changes in HbA1c, weight, blood pressure, diabetes knowledge, self-efficacy, or self-reported medical care at the end of 1 year.
The Levetan et al. (2002) study demonstrated that a personalized report of diabetes values and goals may hold promise for improving HbA1c, but a clinic needs to have an EMR already in use and a software algorithm to conduct this intervention. Gerber et al.'s work targeted those with lower health literacy and less computer experience but had problems with computer malfunction. The Gerber et al. (2005) study highlighted the additional challenges of appropriate technical support, testing, and user skills for implementing advanced IT interventions in safety net settings.
Provider oriented. We identified two articles that used health IT in provider-oriented QI initiatives from the Improving Primary Care of African Americans with Diabetes (IPCAAD) study (Phillips et al., 2005; Ziemer et al., 2006) . IPCAAD was a randomized controlled trial that evaluated computerized reminders and in-person feedback from an endocrinologist on patient diabetes outcomes and provider behavior regarding medication intensification. The study was conducted in a municipal hospital primary care clinic within a large academic center serving primarily African American patients and had a 3-year follow-up.
The Phillips et al. (2005) study found that improvement in HbA1c was significantly greater for patients who saw providers receiving in-person feedback plus reminders compared with the providers in the control group (-0.6% vs. -0.2%, p < .02). It also found improvements in systolic blood pressure within the feedback plus reminder and feedback only groups but not in the reminders only or control arm. LDL within groups improved in all intervention arms. This study had a quality score of 18.
In the Ziemer et al. (2006) study, medication intensification occurred more frequently when providers received in-person feedback with or without reminders compared with the group that received reminders alone or usual care (52% vs. 35%, p < .001) at 3 years. Adequate medication intensification was associated with a significant fall in HbA1c (-0.19%, p < .001). This study had a quality score of 16.5.
The IPCAAD studies demonstrated that electronic clinical reminders can modify provider prescribing behavior and improve glycemic control. Reminders were more effective when the providers received in-person feedback from an endocrinologist. Considering the lack of access to subspecialty care in underresourced settings, this intervention may not be feasible to implement in safety net settings.
System oriented. We found five studies that published six articles assessing organization/system-based interventions (Bray, Roupe, et al., 2005; Bray, Thompson, et al., 2005; Cherry et al., 2002; Chin et al., 2004; Shea et al., 2006; Shea et al., 2009) The Health Resources and Services Administration's Health Disparities Collaboratives is a QI model that used plan-do-study-act cycles, the MacColl Institute's Chronic Care Model, and learning sessions to improve diabetes outcomes. In the first year of the intervention in 19 Midwestern health centers, 37% of the community health centers chose to implement an electronic registry to track patient examination and laboratory data (Chin et al., 2004) . Several key processes of care improved at 1 year with the intervention, including rates of HbA1c measurement (80% to 90%, adjusted odds ratio [OR] 2.1, 95% confidence interval [CI] 1.6-2.8), foot examination (40% to 64%; OR 2.7, 95% CI 1.8-4.1), and lipid assessments (55% to 66%, OR 1.6, 95% CI 1.1-2.3). HbA1c did not significantly improve. Staff from the sites that developed a registry found it useful but burdensome and requested more technical support. This study had a quality score of 13. There have been follow-up studies to Chin et al.'s initial evaluation. A national study of the Health Disparities Collaboratives found improvement in diabetes processes of care but not in intermediate outcomes compared to matched control clinics at 1-to 2-year follow-up (Landon et al., 2007) . Follow-up at 4 years of diabetic patients in 16 Midwestern and West Central health centers in the Health Disparities Collaboratives found improvements in processes of care and HbA1c and LDL cholesterol values .
Bray et al.'s studies also describe interventions using an electronic registry called the Cardiovascular/Diabetes Electronic Management System (CVDEMS; Bray, Roupe et al., 2005; Bray, Thompson, et al., 2005) . CVDEMS is an electronic patient care registry system that allows office staff to enter demographic information regarding each patient into a clinic population registry. Providers can query detailed patient and laboratory information and obtain summary reports. The two studies explored the feasibility, cost-effectiveness, and efficacy of using diabetes care management, group visits, visit reminders, and CVDEMS. The intervention was implemented in solo or small group primary care practices with a majority rural African American patient population with diabetes. This study used a pre-post design with control patients from a separate clinical site. HbA1cs were similar at baseline for both the intervention (8.2 ± 2.6) and control groups (8.3 ± 2.6), but mean HbA1c was significantly lower in the intervention group (7.1 ± 2.3) versus the control group (8.6 ± 2.4; p < .05) at 1 year. Patients receiving the intervention experienced a 61% reduction in HbA1c, while the control group increased HbA1c levels. Documentation of lipid panels (55% to 76%) and foot examinations (12% to 54%) improved within the intervention group at 1 year. Provider productivity also improved from 20.17 to 31.55 average daily encounters. Some clinical staff thought the CVDEMS was duplicative of the medical record, and the leadership began to move toward implementation of an EMR in the practices. These studies had an average quality score of 11.5.
Two studies evaluated telemedicine as a way to bridge the gap between office visits for patients and access to subspecialty care in underresourced settings (Cherry et al., 2002; Shea et al., 2006) . Cherry et al.'s (2002) study tested a web-based patient interface technology that prompted patients to answer daily self-management questions. It also allowed care managers to follow-up with patients at highest calculated risk for hospitalization or adverse outcomes. It used a pre-post design with 1-year follow-up and was conducted in a Mexican border community. The study found a reduction in inpatient admission (-32%, p < .07) and emergency room visits (-34%, p < .06). Patients also had improvement in mental health quality of life (p < .03) from baseline to follow-up. The home technology used a telephone line and was reported to be easy to use, but it required a partnership with a health care system that used an EMR. This study had a quality score of 10.5. Shea et al. (2006 Shea et al. ( , 2009 reported two randomized controlled trials that evaluated the effect of nurse guided telemedicine case management and treatment algorithms using a home telemedicine unit (HTU) on patient clinical outcomes in the Informatics for Diabetes Education and Telemedicine (IDEATel) Project. The IDEATel Project provided patients with an HTU, which consisted of a web-enabled computer with modem. The HTU allowed synchronous videoconferencing over standard telephone lines, electronic transmission of finger stick glucose and blood pressure readings, secure web-based messaging with nurse case managers, and the ability to review clinical data and access web-based education materials (Blanchet, 2008; Shea et al., 2006) . Patients could take pictures of skin and feet and send those images to their nurse case managers. The study population included primarily African American and Latino patients with diabetes who were Medicare recipients living in federally designated medically underserved areas of New York State.
The IDEATel Project demonstrated significant decreases in HbA1c, blood pressure, and LDL at 1-and 5-year follow-up (Shea et al., 2006; Shea et al., 2009 ). There were net reductions in HbA1c (-0.18%, p = .006), systolic blood pressure (-3.4 mmHg, p = .001), and LDL cholesterol (-9.5 mg/dL, p < .001) in the intervention group after 1 year of follow-up (Shea et al., 2006) . After 5 years of follow-up, there were net reductions in HbA1c (-0.29%, p = .001), systolic blood pressure (-4.32 mmHg, p = .02), and LDL (-3.84 mg/dL, p < .001) in the intervention group compared to the control group, but there was no difference in mortality between groups (Shea et al., 2009 ). The 2006 and 2009 studies had quality scores of 21 and 20.5, respectively.
Although the Shea et al. studies demonstrated improved diabetes outcomes, some challenges were noted. The HTU was expensive, and patients had difficulty learning how to use it. The intervention also required additional personnel for case management and to set up the technology in the clinic. There was a high attrition rate after 5 years (Shea et al., 2009) . Cost analysis demonstrated that IDEATel did not reduce Medicare costs for health services; the cost per person per year was more than $8,000, which was excessive compared with other non-health IT programs that had similar clinical impacts (Moreno, Dale, Chen, & Magee, 2009) .
These system-oriented health IT interventions suggest that electronic registries and telemedicine may hold promise in improving diabetes outcomes. The telemedicine studies reduced health care utilization and improved diabetes clinical outcomes but were expensive and required additional personnel for case management.
Discussion
Our review provides an update on QI initiatives targeted at improving diabetes disparities and a review of health IT interventions to improve diabetes outcomes in minority patient populations. The 2006-2009 QI update presented many findings similar to studies published from 1985 to 2006, with some novel interventions. We found that QI projects using cognitive-behavioral education, self-care management, and resilience training tended to be more successful in improving diabetes outcomes (Cramer et al., 2007; Mauldon et al., 2006; Steinhardt et al., 2009) . Treatment algorithms for providers improved diabetes clinical outcomes, though cultural competency training of providers did not lead to improvement in patient outcomes (C. D. Miller et al., 2006; Thom et al., 2006) . The use of community health workers demonstrated improvements in diabetes intermediate outcomes, processes of care, knowledge, and social support and in outreach to patients who were on the fringe of the health care system (Babamoto et al., 2009; Ingram et al., 2007; Joshu et al., 2007; Lujan et al., 2007; Sixta & Ostwald 2008; Thompson et al., 2007) . Nonphysician providers reduced diabetes-related urgent visits and emergency room visits (Davidson et al., 2007) . From our review, we found mixed evidence from health IT studies designed to improve diabetes outcomes in minority patients.
Lessons Learned From Health IT Initiatives
In our review of diabetes QI initiatives using health IT, patient-level interventions included personalized diabetes reports and computer-based multimedia diabetes education. These interventions reported mixed results. Personalized reports of diabetes values and goals can improve HbA1c, but a clinic needed to have an EMR already in use and a software algorithm to conduct this intervention (Levetan et al., 2002) . Another study aimed to involve patients with lower health literacy and those with less computer experience, but it showed no improvements in diabetes outcomes, and it reported problems with computer malfunction (Gerber et al., 2005) . Patient directed health IT interventions required sophisticated technology and support from case managers or other health care personnel and did not consistently improve diabetes outcomes (Gerber et al., 2005; Levetan et al., 2002) .
We found few studies that tested provider-oriented health IT interventions. The IPCAAD study tested the effect of clinical decision support systems for physicians in intensifying patient's medication regimens (Phillips et al., 2005; Ziemer et al., 2006) . Medication intensification occurred more frequently when providers received inperson feedback regarding medication changes. The study also found improvements in HbA1c in patients who were in the intervention arm. These clinical reminders were more effective when the providers received in-person feedback from an endocrinologist, which may not be feasible to implement in all health care settings.
Registries facilitated tracking and analysis of data and improved diabetes outcomes in some studies. The Chin et al. (2004) and studies demonstrate how registries can be used to track data and be integrated within more multitargeted interventions to improve diabetes outcomes. Yet the registries were found to be burdensome and duplicative of an EMR system.
Other systems-oriented health IT interventions used telemedicine to bridge the gap between office visits for patients and demonstrated improvements in diabetes clinical outcomes (Cherry et al., 2002; Shea et al., 2006; Shea et al., 2009) . From the patient perspective, the home technology units were difficult to use (Shea et al., 2006; Shea et al., 2009) . Telemedicine interventions show promise, but the cost of the technology and need for additional support staff may overshadow the benefit.
Limitations of Current Work
Although we found many studies of the use of health IT to improve diabetes outcomes that were conducted in the past 9 years, there were many limitations to the literature. Given the heterogeneous designs and varying patient populations and settings, we could not compare effect sizes across studies; however, the data may suggest trends in diabetes outcomes among racial/ethnic minority patients when using particular interventions. We found only a few health IT interventions that were tested in minority patient populations. We also did not find many studies that were conducted in underresourced settings, such as public hospitals or rural clinics. Study follow-up periods were generally short, usually about 12 months. A previous review of health IT has found similar limitations (Jackson, Bolen, Brancati, Batts-Turner, & Gary, 2006) . Additionally, few studies reported cost data, thus making cost-effectiveness difficult to assess. Although we made an effort to search multiple databases and conduct hand searches, there may be diabetes QI literature that we did not identify. In addition, some organizations that have conducted interventions to improve diabetes care may not have published their findings. Our review was also limited by publication bias because positive findings tend to be published more often than negative findings.
Conclusion and Future Directions
Health care is rapidly becoming digital. New technologies may be harnessed to improve diabetes disparities, yet there are many gaps in the literature on the role of health IT in decreasing diabetes disparities. From our review of the literature, we identify opportunities for policy implementation and areas that need further research. Health IT policy should encourage (a) the development of innovative health IT interventions that target diabetes processes and outcome measures, (b) rigorous evaluations of these interventions, and (c) support for underresourced settings to strengthen their infrastructure to implement health IT.
Development of Targeted Health IT Interventions to Improve Diabetes Processes and Outcomes
Culturally tailored interventions. Culturally tailored, low literacy health IT interventions need to be developed to improve patient access to health information. Few studies have targeted non-English speakers and those with low literacy (Glasgow et al., 2005; Lorig, Ritter, & Laurent, 2006) . People who speak and read little English or no English or have lower reading skills may face undue burden in using advanced technologies. Websites and other health IT applications often assume a level of English language comprehension and a baseline computer skill level that may place immigrants, nonnative English speakers, and those with limited literacy at a disadvantage. Designing health IT interventions that use voice recognition, television-based Internet, or touch screen systems may hold promise for these populations (Eng et al., 1998) . Testing and modifying such technologies with these groups will be crucial to their application in reducing diabetes disparities (Gibbons, 2005) .
Use of innovative technologies. Innovative technologies need to be integrated into health IT interventions. We found no studies that used mobile phones, social networking sites, YouTube, or Twitter to improve access or improve diabetes outcomes among minority populations or in underresourced settings. We found no studies that used health IT integrated into community health worker programs to address diabetes disparities. Health information technologies may be used to increase social support among patients, encourage behavioral changes, and enhance community health worker programs.
Communication and care coordination. Health IT can be used to enhance providerto-provider communication and improve care coordination. Health IT may be used to alleviate the fragmentation of health care for minority patients in underresourced settings through improved communication between providers and access to subspecialists. Although we found many examples of telemedicine and e-referrals that extended the reach of subspecialists, few studies were conducted in minority patient populations (Kim et al., 2009; Shea et al., 2009 ). More studies are needed that aim to enhance communication across providers and subspecialists in addressing poor subspecialty access for patients and improving continuity of care among patients who may have fragmented care.
Cultural competency training. Health IT interventions that address patient-provider communication and cultural competency training need to be developed. Health IT interventions may be used in underresourced settings to facilitate communication with culturally diverse patient populations in innovative ways. We found no studies that used health IT applications to enhance patient communication with providers, facilitated shared decision-making, or emphasized culturally competent interactions with patients.
Patient-centered behavioral interventions. Health IT innovations can be used to design novel behavioral interventions and enhance current patient centered interventions. In underresourced settings, patients may not have access to diabetes behavioral management programs. Through the use of health IT innovations-such as mobile phone technologies, computerized simulations, and interactive web-based programs-individuals with diabetes may be able to monitor their physical activity, weight loss, and other physiological markers and receive prompts to encourage self-management. Other health IT innovations, such as personalized health records (PHRs) and social network applications, may enhance access to providers, provide consistency in care, empower patients, and provide peer support (Barrera, Glasgow, McKay, Boles, & Feil, 2002; Zrebiec, 2005) . PHRs that are portable and interoperable with EMRs can be of great benefit to patients in underresourced settings who may have fragmented care. There is also a need for more low literacy, culturally relevant patient applications. PHRs may benefit disadvantaged populations by enabling consistent care, electronic access to information on health conditions, and enhanced communication with primary care providers (Gibbons, 2005; Ueckert, Goerz, Ataian, Tessmann, & Prokosch, 2003) . Many applications exist for PHRs, but they have not been tested in minority patient populations or underresourced settings (Weitzman, Kaci, & Mandl, 2009 ; see also MiVIA at https://www.mivia.org).
Enhanced data tracking. There needs to be further development and testing of interventions that enhance data tracking and that are interoperable between many health systems. Regional HIEs are developing, but we found no studies that tested the impact of these systems in decreasing diabetes disparities. Health systems to track and report data on race/ethnicity and other social determinants of health are a basic need (Ulmer, McFadden, & Nerenz, 2009 ). These systems can also facilitate disease tracking, allow quicker access to patient information, and improve continuity of care. Designing interventions that are interoperable between many health systems is crucial. Interoperable systems can enhance sharing of data among providers, laboratories, and health systems.
Rigorous Evaluations of Current Health IT Interventions and Their Impact on Diabetes Disparities
Effectiveness of health IT interventions and cost data. More studies are needed that examine the effectiveness of health IT interventions in underresourced settings that serve minority patients We need to understand the feasibility, acceptability, and effectiveness of these technological interventions for reducing disparities in diabetes. More studies are also needed to examine implementation cost and the cost-effectiveness of these interventions, especially in underresourced settings where financial barriers may inhibit the use of health IT innovations. Understanding the true costs of implementation and any savings over time will allow better planning for underresourced settings to implement health IT (Goldzweig, Towfigh, Maglione, & Shekelle, 2009; Harris, Haneuse, Martin, & Ralston, 2009; Huang et al., 2007; Moreno et al., 2009; Welch et al., 2007) . Although financial incentives are necessary to prevent safety net clinics from lagging in health IT implementation, analyses of long-term costs are also crucial to better understand the payoff of the initial investment in health IT for these settings. Longer follow up may also give better insight into the effect of health IT interventions because fine-tuning is necessary in the initial set-up phases. Additionally, more studies are needed that measure reduction in diabetes disparities across populations in addition to improvement of diabetes outcomes in minority patients.
Testing of EMR capabilities. Studies are needed to test the ability of EMRs to track and monitor patients, provide feedback, assess medication adherence, and improve diabetes outcomes. EMRs can provide the capacity for computerized provider order entry and clinical decision support (Aarts & Koppel, 2009 ). EMRs can also automate the collection and movement of information that would enhance patient care and monitor quality of diabetes care. Tracking race data allows safety net clinics to identify trends among their patients and may facilitate recruitment of minority patients who are underrepresented in clinical trials. The studies we found using EMRs in minority patients did not fully use all of the EMRs' components to assess diabetes outcomes.
Multitargeted intervention evaluation. More studies are needed that assess multitargeted health IT interventions. Also, more studies are needed that integrate all aspects of health IT and harness their potential. Through the utilization of all the aspects of health IT-such as EMR, clinical decision support, computerized order entry, and interoperability with regional HIEs-we can understand how to fully use health IT innovations to reduce diabetes disparities.
Underresourced Settings Need Support to Build Infrastructure to Implement Health IT Interventions
Multipayer projects. Multipayer pilot projects and financial incentives are needed to encourage health IT implementation in underresourced settings that may face many financial barriers in implementing innovative health IT applications. These barriers may be overcome by providing external financial incentives, demonstration grants, and collaborations (R. H. Miller & Sim, 2004; Simon, Rundall, & Shortell, 2007) . The American Recovery and Reinvestment Act (2009) provides financial incentives for providers and hospitals to use certified EMRs and subsidies for physicians with high volumes of Medicaid patients (Blumenthal, 2009) . Other incentives may be necessary for underresourced settings to implement EMRs (Blumenthal, 2009) . Nonvisit care, such as phone communication and electronic mail, is not generally reimbursed, so strong incentives exist for providers to delay EMR implementation. Rewarding practices for publishing performance reports and mandating specific quality improvement tactics or IT applications could hasten implementation (R. H. Miller & Sim, 2004; Simon et al., 2007) . Financial resources need to be available for underresourced settings to partner with local organizations, businesses, and government organizations to install EMRs, participate in regional HIEs, and use innovative health IT applications to improve patient outcomes (Goroll, Simon, Tripathi, Ascenzo, & Bates, 2009; McDonald et al., 2005; Mostashari, Tripathi, & Kendall, 2009) . Pilot grants to fund implementation projects and other financial incentives, such as payment for improved performance and for nonvisit care, will be critical in underresourced settings implementing QI interventions using health IT.
Assessing human capital needs. It is important to assess human capital needs to implement and maintain health IT interventions in underresourced settings. Although some of the studies we reviewed commented on the need for nursing staff, case managers, or staff to assist in maintaining health IT interventions, no studies reported the type of staff and number of staff needed to support health IT interventions in underresourced settings (Bray, Thompson, et al., 2005; Chin et al., 2007) . Studies in EMR process measurement have noted the importance of a health IT champion, yet this concept still needs testing in underresourced settings and in addressing diabetes (Zandieh et al., 2008) . Chronic disease management requires a team of physicians, nurses, case managers, and other allied health professionals. Hiring nurse educators, nurse case managers, and case managers to triage clinical decision alerts or receive alerts on missed appointments or elevated laboratory values may be one way to decrease the burden of "reminder fatigue" for providers (Dixon & Samarth, 2009) . Clinical reminders can provide better information at the time of clinical decision making for individual patients, but these reminders need to be supported by other personnel.
Best practices for underresourced settings. Best practices in how community health centers and nonprofit organizations can partner with for-profit organizations and state and federal governments to install health IT are needed. Demonstration projects and evaluations can identify critical implementation lessons and disseminate best practices. Descriptions of processes undertaken to encourage adoption of health IT technologies and how to integrate them into current work flow are necessary to plan and execute the implementation of health IT innovations in underresourced settings. Actively engaging providers in deciding what functions, clinical reminders, and alerts are most valuable is essential for integrating EMRs into the current infrastructure and avoiding provider fatigue and resistance to the EMR (Ko et al., 2007) .
Technological support. Technological support needs to be implemented for underresourced settings because these organizations may not have adequate personnel trained in health IT or a physician IT champion who can ensure a smooth transition to EMR. The American Recovery and Reinvestment Act of 2009 described establishment of regional centers to assist providers seeking to adopt and become meaningful users of health IT. These centers will be key in offering technologic support to rural and other underresourced health care settings in the implementation and maintenance of health IT infrastructure (Centers for Medicare and Medicaid Services, 2009).
The rapid advancement of health IT offers unprecedented opportunities for policy makers, clinicians, and health systems to address disparities in diabetes care and outcomes. Integrating innovations in health IT with QI initiatives is likely to be a powerful way to reduce diabetes disparities.
